Summary We examined the effects of the resistant starches of adzuki (Vigna angularis), kin toki (Phaseolns vulgaris, variety), and tebou (P vulgaris, variety) beans on the lipid metabo lism in rats. Rats were fed a cholesterol-free diet with 25g of cornstarch (CS)/100g diet, 25g of adzuki starch (AS)/100g diet, 25g of kintoki starch (KS)/100g diet, or 25g of tebou starch (TS)/100g diet for 4wk. The cecal contents in the TS group were significantly higher than those in the CS and KS groups. There were no significant differences in body weight or food intake among the groups. The relative liver weight in the CS group was sig nificantly greater than that of the AS, KS, and TS groups. The serum total cholesterol, VLDL+IDL+LDL-cholesterol, and triglyceride concentrations in the AS, KS, and TS groups were significantly lower than those in the CS group throughout the feeding period. Though the total hepatic cholesterol concentration in the TS group was significantly higher than that in the KS group, there were no significant differences between the CS and other starch groups. The cecal pH value in the CS group was significantly higher than that of the bean starch groups. The cecal butyric acid concentrations in the AS, KS, and TS groups were sig nificantly higher than that in the CS group, and the cecal total short-chain fatty acid (SCFA) concentrations in the AS and TS groups were significantly higher than those of the CS group. The fecal cholesterol excretion of the AS, KS, and TS groups were significantly higher than that in the CS group. The fecal coprostanol excretion in the AS group was significantly higher than that in the CS group. There was a negative correlation between the serum VLDL+IDL+LDL-cholesterol concentration and fecal neutral steroid excretion (r=-0.664, p<0.001) in the present experiment. Furthermore, the cecal total SCFA concentration was negatively correlated with the serum VLDL+IDL+LDL-cholesterol concentration (r= -0 .665, p<0.001) and positively correlated with fecal neutral steroid excretion (r=0.481, p<0.05). The cecal butyric acid level was also negatively correlated with the serum VLDL+IDL+LDL-cholesterol concentration (r=-0.609, p<0.01) and positively correlated with fecal neutral steroid excretion (r=0.658, p<0.001). The results suggest that AS, KS, and TS elevate cecal SCFA concentration, in particular butyric acid concentration, and fecal neutral sterol excretion, and lower the serum total cholesterol level.
Arteriosclerosis is the basis of coronary artery dis ease, one of the most serious diseases in humans. Increased blood lipid and serum cholesterol concentra tions contribute to the etiology of cardiovascular dis ease (1) . The possibility of lowering the plasma cholesterol concentration by interfering with the absorption of cholesterol and bile acids has been exten sively investigated using either compounds of natural origin (e.g., gel-forming fibers, resistant starch, phy tosterols, and saponins) or synthetic remedies such as cholestyramine (2) .
Recently, the attention of some researchers has been directed to dietary fiber and resistant starches of cereals (3, 4) . Cereals are rich not only in dietary fiber, but also in starch, and can reduce the danger of coronary artery disease (5) . It has been reported that the plasma choles terol concentration is significantly lower in rats fed sugar beet fiber than in ones fed a fiber or cholestyramine-free diet (6) , in which the serum LDL cholesterol concentration becomes significantly lower in the case of feeding a cholesterol-free diet with wheat resistant starch than in the case without feeding the resistant starch (7) . It is known that dietary fiber and resistant starch are fermented in the large intestine to produce short-chain fatty acids, which may be involved in lowering serum cholesterol concentrations (8, 9) . The hypocholesterolemic effect has been accounted for by the greater fecal excretion of acidic and neutral ste roids, thus leading to the up-regulation of bile acid bio synthesis.
Most beans contain abundant protein, dietary fiber, starch, and minerals. Recently, we reported that the serum cholesterol concentration in rats fed cholesterol free diets at a 15% (w/w) level of leguminous starch from adzuki (Vigna angularis), kintoki (Phaseolus vul garis, variety), or tebou (P vulgaris, variety) was signifi cantly lower as compared with that in rats fed cornstarch at the same level (10) . Additionally the hepatic LDL receptor mRNA levels in the AS and TS groups were 1.8-2.0 times higher than that in the cornstarch group (10). However, it was difficult to rea sonably explain the mechanism of lowering the serum cholesterol by digesting bean resistant starches, because any retrograded starches from bean starch did not increase the fecal sterol excretion (10) even though the anti-hyperlipemic activities of the resistant starch might be due to the acceleration of bile acid excretion (11) .
The purpose of this study was to compare the hypoc holesterolemic action of bean resistant starches in rela tion to their effects on serum, liver, and feces lipids when rats were fed a cholesterol-free diet at a 25% (w/ w) level of bean starch. 
MATERIALS

RESULTS
Feed intake, rat growth, and liver weight There were no significant differences in body weight and food intake among the groups ( Table 2 ). The liver weight in the CS group was significantly higher than that in the AS, KS, and TS groups. The cecal content in the TS group was 1.4 times heavier than that in the CS group, while cecal pH in the CS group was significantly higher than that in the AS, KS, and TS groups.
Serum and tissue lipid concentrations. groups. However, the liver cholesterol concentration in the TS group was significantly higher than that in the KS group. Cecal and fecal lipid concentrations. Table 3 shows the SCFA concentrations in cecal con tents. The cecal n-butyric acid concentrations in the AS, KS, and TS groups were significantly higher than in the CS group, while the cecal total SCFA concentrations in the AS and TS groups were significantly higher than that in the CS group. for the lower serum VLDL+IDL+LDL-cholesterol con centrations in the AS, KS, and TS groups may be due to the elevation of fecal neutral steroid excretion, because a reverse correlation was found between the serum VLDL+IDL+LDL-cholesterol concentration and fecal neutral steroid excretion (r=-0.664, p<0.001) in the present experiment (Fig. 3A) . Some investigators have reported that SCFA, as fer mentative products of carbohydrates in the cecum, may be responsible for the plasma cholesterol-lowering effect (7, 9) . Hara et al. (9) have reported that cecal and plasma SCFA concentrations in rats fed beet fiber are higher than in fiber-free rats, and that SCFA lower the plasma cholesterol concentrations via suppressed cho lesterol synthesis in the rat liver. Conversely, it has also been reported that dietary fiber ingestion and its subse quent SCFA production elevate hepatic cholesterol syn thesis (7) . In the present study, fermentation processes were more intensive in case of consuming the 25% AS, 25% KS, and 25% TS diets relative to the 25% CS diet, since the effects of the AS, KS, and TS diets on pH low ering and total SCFA and butyric acid concentrations in the rat cecum were more pronounced. As is consistent with the previous study (10) , intestinal fermentation seems to be more progressive in the 25% bean starch diets. However, there was no significant difference between the CS group and bean starch groups in terms of hepatic HMG-CoA reductase mRNA level (data not shown) and liver cholesterol concentration. Further more, the cecal butyric acid level was in reverse ratio to the serum VLDL+IDL+LDL-cholesterol concentration (r=-0.609, p<0.01) (Fig. 3B) , but in direct ratio to fecal neutral steroid excretion (r=0.658, p<0.001) (Fig. 3C) . Similarly, the cecal total SCFA level was nega tively correlated with the serum VLDL+IDL+LDL-cho lesterol concentration (r=-0.665, p<0.001), but positively correlated with fecal neutral steroid excretion (r=0.481, p<0.05). Illman et al. (21) reported that cecal propionic acid was negatively correlated with the plasma cholesterol, but positively correlated with cecal neutral steroids and bile acids. However, there was no relationship between acetic or propionic acid and serum cholesterol or fecal sterol (data not shown). In this study, cecal butyric acid concentrations in the AS, KS, and TS groups was significantly higher than that in the CS group, and simultaneously, acetic/butyric acid fermentation in the former was lower than that in the latter. Although the relationship between cecal SCFA and steroid excretion has not been clarified, Yajima (22) has reported that the movement of digesta through the colon is stimulated by butyrate rather than propionate, thereby promoting gastrointestinal transit time as well as normal laxation. Levrat et al. (23) have also reported that acetic/butyric acid fermentation is effective in hypocholesterolemia. From these findings, it can be assumed that the increased butyric acid concentration in the AS, KS, and TS groups elevates steroid excretion. Since we do not have data on serum SCFA concentra tions in rats fed resistant starch, however, it is not opportune to deduce a precise mechanism for the cho lesterol-lowering effect of bean starches.
In this study, AS, KS, and TS reduced the serum TG concentration. Vahouny et al. (24) have reported that dietary fiber reduces intestinal lipid absorption and decreases the serum TG concentration. Some research ers (25) have pointed out that SCFA can inhibit the syn thesis of hepatic TG and reduce serum lipids. Nishina and Freedland (26) have shown that SCFA can reduce the synthesis of fatty acid by inhibiting pyruvate dehy drogenase in the liver. Cheng and Yu (27) also reported that, when an antibiotic 'Nebacitin' was added to RS in cooked-stored polished rice diet to inhibit fermenta tion, the serum TG concentration was higher than in a Nebacitin-free RS group. It was not clear in the present study by what mechanism the serum TG concentration in rats fed AS, KS, and TS was decreased. Even so, our 
